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Study of detrital gold grains from modern sediments in the bed of the Wierzbiak River in Lower Silesia (SW Poland) provided
insights into their morphological and chemical characteristics. The gold grains exhibit low shape diversity and a high degree
of edge rounding. Chemically, the gold grains are homogeneous, consisting of native gold with a maximum silver content of
up to 20 wt.%. The grains analysed also contain micro-inclusions, mainly composed of Ni-Co-Fe sulpharsenides and
sulphides, such as pyrite, chalcopyrite, galena and native bismuth, pointing to an association of mesothermal
Fe-Ni-Co-Bi-As mineralization type. The mineral inclusions observed are not typical for the quartz veins of the Wadroze
Wielkie Massif but resemble the mineralization present in the polymetallic veins of the Kaczawa Metamorphic Complex. The
results of this study support a thesis of a complex genesis of the local Lower Silesian gold-bearing Cenozoic placers, involv-
ing both the weathering of local quartz veins of the Wadroze Wielkie Massif and potential contributions from other ore
sources in the region. Further geophysical and borehole studies are needed to more accurately assess the gold resources in

=

the Fore-Sudetic Block, especially in the watersheds of the Wierzbiak and Nysa Szalona rivers.
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INTRODUCTION

Ore mineral micro-inclusions in gold grains found in alluvial
sediments of the Sudetes rivers serve as key indicators of the
crystallization conditions of gold-bearing paragenesis. Com-
bined with analyses of grain morphology and chemical compo-
sition, they provide crucial information for determining the origi-
nal source of the gold. To date, the presence of micro-inclu-
sions has been documented and identified in gold grains col-
lected from river sediments of the Jamna Creek near Wlen,
draining the Wlen Graben (Kania, 2018) and of tributaries of the
Bobr and Kaczawa rivers eroding the deposits of the North
Sudetic Depression’s cover (Kania, 2023; Kania and Muszer,
2024). The micro-inclusions identified are characteristic of the
local Permian red-bed successions and As-polymetallic quartz
veins of the Kaczawa Metamorphic Complex (Fig. 1).

This article describes the results of studies on detrital gold
from sediments in the bed of the Wierzbiak River, which flows
through the Sudetes Foothills in the area of the Wadroze
Wielkie Massif. A local kaolin cover developed on the gneiss
outcrop, along with surrounding colluvial and alluvial deposits,
was historically mined, with intense activity beginning in the

* E-mail: marcin.kania@pgi.gov.pl

Received: April 15, 2025; accepted: October 14, 2025; first
published online: November 28, 2025

14th century and continuing intermittently until the late 19th
century (Domaszewska, 1964; Grodzicki, 1966, 1972; Dzie-
konski, 1972; Maciejak, 2011a, b). Petrographic analyses of lo-
cal Cenozoic placer deposits, as well as morphological and
chemical studies of the gold grains, have suggested that Car-
boniferous quartz veins intersecting the Wadroze Wielkie crys-
talline Massif are the primary source of the local detrital gold
(Grodzicki, 1966, 1972, 1998, and references therein; Banas et
al., 1985; Mikulski and Wierchowiec, 2013; Wierchowiec et al.,
2018).

This study tests those earlier assumptions by searching for
and identifying micro-inclusions within gold grains, particularly
those inclusions consisting of ore minerals. Since the 1990s,
this approach has been successfully employed to complement
traditional panning methods in the exploration of Au-poly-
metallic primary deposits (see Leake et al., 1995; Styles, 1995;
Chapman et al., 2002, 2021, 2023; Pitfield et al., 2009). A popu-
lation of gold grains was recovered from contemporary chan-
nel-fill sediments of the Wierzbiak River, which drains the
Wadroze Wielkie Massif that lies to the north and east. They
contained numerous mineralogically diverse micro-inclusions,
representing a paragenesis distinct from that found in the
quartz veins of the Wadroze Massif.

These findings provide new insights into the formation of
Cenozoic gold-bearing deposits in the Sudetes Foothills, high-
lighting their complex, polygenetic origins. Furthermore, the re-
sults support the hypothesis that local contemporary gold-bear-
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Fig. 1. Generalized geological map of the north-western part of the Lower Silesian Block, without Cenozoic cover (GeoLOG;
Dadlez et al., 2000, modified)

Pt; — Upper Proterozoic; gPt;+Cm; — Upper Proterozoic and Lower Cambrian, granitoids; Pt;+O — Upper Proterozoic — Ordovician; iCm+0O —
Cambrian and Ordovician, igneous rocks; Cm-S — Cambrian — Silurian; gO — Ordovician, igneous rocks; O+S — Ordovician and Silurian;
O-C1 - Ordovician — Lower Carboniferous; S — Silurian; D+, — Lower and Middle Devonian; D3 — Upper Devonian; D3+C4 — Upper Devonian
and Lower Carboniferous; C1 — Lower Carboniferous; C, — Upper Carboniferous; gC, — Upper Carboniferous, granitoids; Ps — Rotliegend;
vPs — Lower Permian (Rotliegend volcanic rocks); Pz — Zechstein; Tr — Triassic; Tp — Lower Triassic (Buntsandstein); Tm — Middle Triassic
(Muschelkalk); Tk — Upper Triassic (Keuper); Kc+t — Upper Cretaceous (Cenomanian and Turonian). The GPS coordinates marked on the
Map define the NW and SE corners of the area presented in Figure 2

ing sediments also contain gold reworked from older Cenozoic
deposits, including material eroded from the crystalline base-
ment of the Kaczawa Metamorphic Complex (Mikulski and
Wierchowiec, 2013).

The research presented in this paper was possible thanks
to the use of a combination of reflected light microscopic analy-
ses, scanning electron microscopy (SEM) and energy-dis-
persive X-ray spectroscopy (EDS). SEM is commonly used in
contemporary research on detrital gold: in the secondary elec-
tron (SE) mode for imaging grain morphology (Townley et al.,
2003; Wierchowiec et al., 2018) and in the backscattered elec-
trons (BSE) mode for distinguishing phases with different
chemical composition (Banas et al., 1985; Mikulski and
Wierchowiec, 2013; Wierchowiec and Zielinski, 2017; Chap-
man et al., 2021).

Both imaging modes, SE and BSE, enable the observation
of selected parts of grains and the identification of very fine mi-
cro-inclusions (<1 um), the observation of which often exceeds
the possibilities of microscopic examination in reflected light
(Kania, 2018, 2023; Kania and Muszer, 2024). Determining the
mineralogical and chemical composition of micro-inclusions is
crucial in this case, as it allows for direct identification of
paragenesis and determination of the crystallization environ-
ment of gold. Micro-inclusion studies significantly complement
the morphological and chemical analyses of gold grains, per-
formed as part of the prospection of primary Au occurrences
(Leake et al., 1995; Styles, 1995; Chapman et al., 2023).

GEOLOGICAL SETTING

The study area is located within a segment of the Fore-
Sudetic Block which, together with the relatively uplifted Sudetic
Block, forms the upper structural unit of the Lower Silesian
Block, covering the northeastern part of the Bohemian Massif
(Mazur et al., 2006; Zelazniewicz and Aleksandrowski, 2008;
Zelazniewicz et al., 2011). These two blocks are separated by
the Sudetic Marginal Fault (Fig. 1), which extends in a NW-SE
direction and was reactivated during the Miocene (Aramowicz
et al., 2006; Badura et al., 2007).

The local crystalline basement of this block is likely com-
posed of the deeper Cadomian orogen (Zelazniewicz, 1997;
Zelazniewicz et al., 1997) and the Luboradz Unit, which forms
part of the Kaczawa Metamorphic Complex. The Luboradz Unit
consists of a thick succession of sericite-quartz schists
(phyllites), greenschists, siliceous schists with quartzites, and
greywacke schists, with ages ranging from the Cambrian to the
Lower Carboniferous (Baranowski et al., 1990; Kryza and
Muszynski, 2003; Urbanski and Rézanski, 2016). This unit con-
stitutes the eastern part of the Saxo-Thuringian Zone, where
lithospheric shortening, closure of the sedimentary basin, and
the formation of an accretionary prism occurred during the
Variscan orogeny (Zelazniewicz, 2003, and references therein).

In the section where riverbed sediment samples were col-
lected, the Wierzbiak River flows through the southwestern part
of the orthogneiss Wadroze Wielkie Massif (Fig. 2). The meta-
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Fig. 2. Compilation of simplified covered geological map and relief map

Compiled after Kozdréj (2009), Przybylski (2009), Urbanski (2009a, b), Kozdrdj et al. (2012), Cwojdzinski and Kozdréj (2013).
For location of the area see Figure 1

morphic rocks forming this massif are the oldest in the sur- Within the massif, two types of gneiss have been identified.
rounding area, radiometrically dated to the late Neoproterozoic ~ The first is represented by two-feldspar gneiss, composed of
or early Cambrian (Zelainiewicz etal., 2004; Zelazniewicz and  quartz, microcline, albite, biotite and muscovite, with accessory
Aleksandrowski, 2008). The massif, elongated in a NW-SE di-  Fe oxides, zircon and garnet. The second is represented by sin-
rection, is a horst structure, likely uplifted during the Cenozoic,  gle-feldspar gneiss, transitioning into albite-chlorite schists con-
and bordered by the Kaczawa Metamorphic Complex througha  sisting of quartz, muscovite, and albite, with additional chlorite-
local dislocation system. The outcrop of the massif is situated  and apatite-group members, pyrite, and iimenite (Kossowska,
between Mikotajowice, Augustow, and Wadroze Maty, with an  1975; Berezowska and Berezowski, 1979).

additional smaller horst-like structure near Taczalin (Urbanski

and Rozanski, 2016).
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Alongside the orthogneisses, amphibolites occur, primarily
composed of hornblende and plagioclase, with subordinate
quartz, apatite, garnet and Fe oxides (Urbanski and Rozanski,
2016).

To the south and southwest of the sampling site, the exten-
sive Strzegom-Sobdtka granite Massif, dated to the Late Car-
boniferous—Early Permian, is present. The Wierzbiak River
briefly drains the northwestern part of this granitoid massif, with
its source located between Rogoznica, Graniczna, and
Zébtkiewka. In this area, Kural and Jerzmanski (1974) identified
medium- and fine-crystalline biotite granites. According to Do-
manska-Siuda (2007a, b), local exposures show hornblende-
biotite granites, composed of quartz, plagioclase (albite-ande-
sine), alkali feldspar (mainly perthitic microcline), hornblende
and biotite, with minor zircon, epidote, allanite, titanite, iimenite
and rutile. This granite variety also contains numerous finely
crystalline enclaves of dioritic, granodioritic and tonalitic com-
position, ranging from several centimetres to several tens of
centimetres in size.

Dating of both the granite and the enclaves using the Rb-Sr
method yielded an intrusion age of 285.1 +8.5 Ma to 278 +7 Ma
(Pin et al., 1989; Domanska-Siuda et al., 2004). Near Go-
czatkéw, in the immediate vicinity of the granite massif, a con-
tact-metamorphosed cover is present, composed predomi-
nantly of sericite-quartz schists, with subordinate spotted
schists and hornfels (Urbanski and Rézanski, 2016).

The granite intrusion is intersected by aplite and pegmatite
veins. Aplites are distinguished from granite by their finely crys-
talline structure, white to ash-grey colour, and negligible biotite
content (Urbanski and Rozanski, 2016). In the case of
pegmatites, the following patterns within the massif have been
observed: in the western part, drusen (miarolitic) pegmatites
co-occur with vein pegmatites; in the eastern part, vein
pegmatites dominate, containing beryl and garnet. This differ-
entiation is attributed to varying depths of crystallization of re-
sidual magma in both parts of the Massif (Janeczek, 1985).

Quartz veins cutting through the Wadroze metamorphic
feature are of a similar age to the Strzegom-Sobodtka granite
Massif. According to Majerowicz (1963), they formed during the
Sudetes phase of the Variscan orogeny. These quartz veins
typically exhibit a NW—-SE or N-S orientation, with thicknesses
reaching 35 m and lengths of up to 1 km. Their primary constitu-
ents, apart from milky quartz, include kaolin and sericite (Czyz-
owa and Majerowicz, 1965; Berezowska and Berezowski,
1979). Permo-Mesozoic strata are preserved only in the Sude-
tic Block, filling the North-Sudetic Depression with clastic and
carbonate rocks (Fig. 2).

The alluvial deposits of the Wierzbiak River Valley consti-
tute part of the Cenozoic sedimentary cover, deposited directly
on the metamorphic-magmatic basement of the Fore-Sudetic
Block. In the Paleogene, sedimentation commenced within
grabens and tectonic depressions. By the Oligocene, intraplate
basaltic volcanism had developed, continuing into the Miocene,
when increased tectonic activity led to the uplift of the Sudetic
Block relative to the Fore-Sudetic Block. This process resulted
in the formation of grabens and horsts, which were subse-
quently filled with clastic and organic sediments.

During this time, extensive weathered formations devel-
oped on Paleozoic crystalline rock outcrops, forming thick
clayey regolith covers. A warm, humid climate caused intense
chemical weathering, leading to the enrichment of regolith with
kaolin, illite and montmorillonite. In local tectonic depressions,
where erosion was limited, these regolith covers have been
preserved, reaching thicknesses of over 100 metres (Urbanski
and Roézanski, 2016).

Basaltic formations near Mikotajowice, Pawtowice Wielkie,
and Janowice occur mainly as lava flows, occasionally accom-
panied by tuffs. These basalts primarily consist of olivine (chrys-
olite) and pyroxene phenocrysts, embedded in a groundmass
composed of calcium monoclinic pyroxenes, olivine, and Ti-Fe
oxides (Badura et al., 2005). Additionally, ultramafic rock en-
claves have been documented within these volcanic units
(Urbanski and Rozanski, 2016, and references therein). K-Ar
dating of basalts from Mikotajowice and Pawtowice Wielkie by
Birkenmajer et al. (2004) indicates an Oligocene—Lower Mio-
cene age.

Lower and Middle Miocene deposits in the study area are
predominantly silts, clays and lignites. The Poznahn Formation
(Middle Miocene—Pliocene) consists of clay-sand facies depos-
its with dispersed organic matter and occasional carbonaceous
clay interbeds. The Gozdnica Formation, the youngest Neo-
gene unit (Upper Miocene—Pliocene), is composed of coarse-
grained alluvial deposits (Urbanski and Rozanski, 2016).

Pleistocene postglacial deposits formed during three
glaciations. The Lower Pleistocene and the South Polish Glaci-
ation (Mindel) are represented by fluvioglacial yellow sands and
gravels, and dark boulder clays with admixtures of carbona-
ceous clay and xylites. The deposits of the Middle Polish Glaci-
ation (Riss) include glaciofluvial sands and gravels, glacial silts
and tills. The North Polish Glaciation (Wirm) is represented by
floodplain terrace sands and gravels, and loess and loess-like
clays. Holocene deposits include silts filling meltwater depres-
sions, river sands and gravels forming flood terraces, and allu-
vial soils and peat deposits (Urbanski and Rozanski, 2016).

The GPS coordinates marked on the map define the NW
and SE corners of the area shown in Figure 2.

MATERIAL AND METHODS

The sampling site is located in the middle section of the
Wierzbiak River, a right-bank tributary of the Kaczawa River,
between the villages of Strachowice, Lubieh and Ogonowice,
~70-80 m downstream from the mouth of the Modzel tributary.
The selection of the sampling site location was an attempt to
identify gold grains occurring in the Wierzbiak River channelfill
sediments deposited farther west, beyond the previously docu-
mented area of occurrence of detrital alluvial gold (Grodzicki,
1966, 1972; Mikulski and Wierchowiec, 2013). In this section,
the river flows through a wide valley and is characterized by a
relatively gentle current, which facilitates the accumulation of
fine-grained sediments, including muds and clay. The low-en-
ergy flow, reflected in the fine-grained nature of the deposited
material, resulted in a low concentration of gold in the riverbed
sediments. Consequently, only nine gold grains were recovered
and prepared for further analysis. However, the primary objec-
tive of the fieldwork was to obtain sufficient gold grains to iden-
tify micro-inclusions of ore minerals, which had not been studied
in earlier publications. In this case, their occurrence was identi-
fied in 2 of the grains analysed (including one grain containing
as many as 13 distinct micro-inclusions). In previously studied
populations of detrital gold, the proportion of grains containing
them was not as great (see Kania, 2018, 2023; Kania and
Muszer, 2024).

The sampling process was purely qualitative, aiming to ob-
tain a sufficient quantity of material for research rather than de-
termining the concentration of gold grains within the river sec-
tion studied. To enhance the initial in-situ gravity separation of
gold from low-concentration sediments, a modified Henderson
hand pump coupled with a Mobile Gravity Concentrator (MGC)
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was employed (see Kania, 2020; Muszer et al., 2016). The total
volume of the input material processed using the MGC during
sampling amounted to 0.076 m®, yielding a pre-concentrate of
266 g under field conditions.The pre-concentrated material was
sieved using a 2 mm mesh. After macroscopic identification and
manual selection of coarser gold grains, the material was fur-
ther processed at the Department of Economic Geology, Insti-
tute of Geological Sciences, University of Wroctaw. The sepa-
ration was carried out using a Wilfley-type concentrating table
with multiple reprocessing cycles. Ultimately, the mass of the fi-
nal concentrate obtained after gravity separation amounted to
20 g, which corresponds to an estimated mass of 263 g of the
heavy mineral fraction per 1 m® of sediment. Such trace
amounts of gold occurring in the local sediments had already
been reported by Mikulski and Wierchowiec (2013), who de-
scribed its concentration in samples of eluvial, colluvial, and al-
luvial sediments as “from trace to 0.12 g/m>”.

Polished sections of the gold grains recovered were pre-
pared by embedding them in hardened epoxy resin. Grinding
and polishing were performed using Struers metallographic ma-
terials, including Piano diamond discs and MD polishers with
dedicated polishing pastes.

The qualitative assessment of grain morphology was based
on the simplified classification by DiLabio (1991), which distin-
guishes three categories: pristine grains, characterized by their
original irregular and angular shapes; modified grains, showing
signs of abrasion but retaining some original features; and re-
shaped grains, which are rounded due to prolonged transport
and abrasion.

To compare grain morphology based on cross-sectional
shape observed in reflected light, an original quantitative com-
parative analysis was employed. This analysis involved calcu-
lating the dimensionless K index for each grain analysed. The K
index represents the ratio of the grain’s cross-sectional perime-
ter to the circumference of a circle with an equivalent area,
thereby accounting for the effective porosity of the grains (see
Kania and Muszer, 2024). The rationale for using this parame-
ter lies in the abrasion process of gold grains which, as they mi-
grate in a supergene environment, gradually become more
rounded and lose their original irregular shapes (DiLabio, 1991;
Townley et al., 2003). As abrasion progresses, the K index de-
creases, approaching a value of 1 (Kania, 2020). A key advan-
tage of this method is its applicability to the quantitative, statisti-
cal comparison of different grain populations.

Contour delineation and length measurements were per-
formed on high-resolution BSE images, which provide strong
contrast between the gold grains and their surroundings. The
contours were digitized as polygons with vertices spaced at an
average distance of 77 nm, and their lengths were measured
using Surfer software (Golden Software).

Chemical composition analysis, as well as the search for
and preliminary identification of micro-inclusions, was con-
ducted in reflected light using a Nikon Eclipse LV100 POL po-
larizing universal microscope. For objects smaller than 10 um, a
digital display coupled to the microscope enabled observations
at magnifications of up to 2500x. Findings from reflected light
microscopy were verified through micro-area analyses using a
FEI Quanta scanning electron microscope, equipped with
SDD-generation EDS detectors from the XFlash series and
Bruker Esprit v1.9 software. In total, 28 point analyses, 1 linear
analysis and 84 elemental maps were made of the micro-inclu-
sions. A detailed description of the SEM-EDS methodology is
provided in the Appendix 1. Despite the strictly applied mea-
surement methodology described in the Appendix 1 —including
detector calibration, manual interpretation of spectra and pre-

cise peak analysis — the results obtained and described of point
analyses should be regarded as semi-quantitative, in which the
exact elemental composition cannot be determined without the
use of standards.

OCCURRENCE OF GOLD ORE MINERALIZATION
IN THE STUDY AREA

Both primary and secondary gold occurrences are known in
the study area. The primary mineralization, although relatively
poor, is associated with Carboniferous quartz veins that cut
through the metamorphic rocks of the Wadroze Wielkie Massif.
These veins vary in thickness from a few centimetres to up to
35 m, with lengths of up to several hundred metres (Koztow-
ska-Koch, 1959; Uberna, 1959; Czyzowa and Majerowicz,
1965; Berezowska and Berezowski, 1979; Zelazniewicz and
Aleksandrowski, 2008; Mikulski and Wierchowiec, 2013).
Within these veins, microscopic gold (<0.2 mm) occurs along-
side submicroscopic gold, which is concentrated in pyrite with
an average content of 1.6 ppm (Zodller and Heuseler, 1926;
Grodzicki, 1966).

Secondary gold occurs in various sedimentary environ-
ments, comprising local kaolinized regolith formed in situ on the
outcrops of the Wadroze Massif, and colluvial and alluvial sedi-
ments of the Wierzbiak River. Mikulski and Wierchowiec (2013)
conducted comparative studies on the morphology and chemi-
cal composition of gold grains collected from these types of de-
posit. Their studies revealed marked differences in gold con-
tent, grain size, morphology and concentration across the sedi-
mentary types.

In the alluvial sediments, larger grains (up to 1.5 mm) are
generally more flattened and rounded, commonly with bent
edges and a lack of inclusions or overgrowths. These grains
commonly show Ag-depleted rims and, in some cases, a po-
rous structure.

In contrast, eluvial gold retains relic features of its primary
morphology, with narrower Ag-depleted rims and a small pro-
portion (1-2%) of porous grains. Mikulski and Wierchowiec
(2013) also observed morphological changes in gold grains
along the river course, noting a progressive downstream in-
crease in grain rounding, consistency of shape, and the propor-
tion of flake-shaped grains.

Gold from the colluvial deposits shows intermediate fea-
tures, including visible abrasion marks and frequent mineral in-
clusions, e.g., rutile and clay minerals (Wierchowiec, 2010;
Mikulski and Wierchowiec, 2013).

RESULTS

MORPHOLOGY AND CHEMICAL COMPOSITION

A detailed analysis of chemical and mineralogical composi-
tion was conducted on nine detrital gold grains collected from
the Wierzbiak River bed sediments. Eight grains show rounded
edges and oval shapes, characteristic of the reshaped morpho-
logical class. One grain (W-1) displays features of the modified
class, with partially rounded and blunted sharp edges, suggest-
ing limited mechanical abrasion while retaining an overall irreg-
ular morphology. This is reflected in the K index values, which
are generally < 2.0, except for two grains: W-2 and W-4 (Fig. 3).
These two grains display rounded edges and a distinct spongy
internal texture, developed throughout the entire grain volume,
aligning morphologically with amalgamate-type grains of an-
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Fig. 3. Outlines of the gold grains analyzed in detail, shown in relation to
their calculated K index values

thropogenic origin previously documented in Holocene sedi-
ments of the Skora River (Muszer et al., 2016; Kania and
Muszer, 2024). The grains vary in circumference from 95 ym to
455 pym, with an average diameter of 260 ym.

The chemical composition of the grain population is rela-
tively homogeneous, with silver identified as the only significant
impurity, approaching 20 wt.%. Notably, grains W-1 and W-3
exhibit zones of elevated silver content, located both internally
and along their edges (Fig. 4), whereas in the remaining grains,
silver is more uniformly distributed across the sections ana-
lysed (Figs. 5 and 6). No grains with distinct Ag-depleted rims
were identified in the sample studied.

Grains W-1, W-3, W-5 and W-7 revealed intra-grain varia-
tions in Ag content (Fig. 4), suggesting internal heterogeneity,
while the other grains show a more uniform composition. Based
on the phase composition, all grains are composed of native
gold (sensu Yushko-Zakharova et al., 1986). The results of the
analyses of Ag content in individual grains are shown in tabular
form in Appendix 1.

The presence of mercury was not conclusively confirmed,
including in porous W-2 and W-4 grains. Neither series of point
analyses nor detailed analyses of the spectra obtained re-
vealed Hg concentrations exceeding the detection limit of
0.1 wt.%, adopted as a detection limit for the analytical method
used.

MICROINCLUSIONS

No inclusions of rock-forming minerals were identified in the
gold grain population studied. Despite the small population of
sampled grains, a notably rich population of 13 microinclusions
of ore minerals was documented.

These inclusions vary in size from submicrometre dimensions
to ~10 ym. The majority were identified within the reshaped grain
W-6 (Fig. 6), which contains the largest and most complex inclu-
sion: a polymineralic, oval aggregate composed of a xenomorphic
chalcopyrite crystal intergrown with Ni-Co-Fe sulpharsenides (up
to 6 um across) and a 2-um galena crystal (Fig. 7). The remaining
individual inclusions consist of discrete microinclusions not ex-
ceeding 5 um in size. These are represented by three arseno-
pyrites (3-5 pm), two pyrites (1 and 2.5 um), and two Ni-Fe-Co
sulpharsenides with diameters <1 um, most of which have a com-
position dominated by nickel, resembling gersdorffite. One of the
arsenopyrite inclusions displays a distinctly automorphic,
rhombohedral habit (Figs. 8 and 9).

In addition, a single oval exsolution inclusion of native bis-
muth, ~4 um in diameter and containing trace amounts of tellu-
rium and arsenic, was identified within reshaped grain W-9
(Figs. 10 and 11).

DISCUSSION

Despite the limited size of the grain population studied, it is
characterized by relatively limited variability in both shape and
chemical composition when compared to previously analysed
populations from the bed sediments of the Jamna Creek
(Kania, 2018), the Skora River and Zeliszowski Creek (Kania,
2023; Kania and Muszer, 2024). The distinct predominance of
rounded grains with low K index values suggests their signifi-
cant transport distance from the source area.

The sampling site is located ~0.5 km downstream from the
lowermost alluvial sediment sample collected by Mikulski and
Wierchowiec (2013) and the observed differences in the mor-
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Ag 11.28 wt.%

Ag 11.29 wt

Ag 0.29 wt.%

Ag 10.60 wt.%

200 um

——

Fig. 4. W-1 gold grain

A —image in reflected light, B — BSE image

Ag 15.27 wt.%

Ag 14.29 wt.%

Ag 14.14 wt.%

Fig. 5. W-8 gold grain

A —image in reflected light, B — BSE image

phology and chemical composition of the gold grains described
in their study compared to those analysed herein are significant
—none of the grains in the present study show Ag-depleted rims
or electrum compositions, nor possess an angular, clearly pris-
tine shape. However, the presence of rounded grains with po-
rous structures was confirmed, which were considered by previ-
ous authors as products of weathering processes or rede-
position from older Cenozoic deposits. Point analyses con-
ducted in this study do not contradict this interpretation: trace

Hg concentrations and the absence of discernible and identifi-
able Hg peaks in the EDS spectra do not provide sufficient evi-
dence to classify the grains analysed as anthropogenic amal-
gams.

Importantly, the most significant new insights into the gene-
sis and evolution of local placer gold deposits derive not from
the grain morphology or bulk chemical composition, but from
the mineralogical and chemical characterization of micro-inclu-
sions described in this study.
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16.18 wt.%

14.52 wt.%

Fig. 6. The ore-bearing W-6 gold grain

A — image in reflected light, B — BSE image; location of the sections shown in Figures 7, 8 and 9 marked

arsenic copper

nickel

Fig. 7. Enlargement of section A of Figure 6B — polymineralic inclusion of sulpharsenides and sulphides
within the W-6 gold grain

A — image in reflected light; B — BSE image with location of the point analyses marked (results in Appendix 1);
C — SE image; D-H — distribution of selected elements: black, violet, blue, green up to red colours indicate
increasingly high concentrations
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Fe sulpharsenide
' (arsenopyrite?)

W-6.VI

Fig. 8. Enlargement of section B of Figure 6B — inclusion of arsenopyrite composition within the W-6 gold grain

A —image in reflected light; B — BSE image with location of the point analysis marked (results in Appendix 1)

Fe sulphide - Fe sulpharsenide

(pyrite?) arsenopyrite
W-6.VII W-6.1X

Fe sulphide

(pyrite?)
W-6.X

Fe sulpharsenide
arsenopyrite
W-6.VIII
Ni,Co,Fe sulpharsenides

10 um
 EE—— |

Fig. 9. Enlargement of section C of Figure 6B — inclusions of Fe-Ni-Co sulpharsenides and sulphides within the W-6 gold grain

BSE image with location of the point analyses marked (results in Appendix 1)
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2.76 wt.%

2.40 wt.%
section A

_ 50um

Fig. 10. The ore-bearing W-9 gold grain

A — image in reflected light; B — SE image, location of the section shown in Figure 11 marked

Native Bi
W-9.1

Fig. 11. Enlargement of section A of Figure 10 — phase of native bismuth within the W-9 gold grain SE image with location of the
point analysis marked (results in Appendix 1)
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It is commonly considered that the primary source of the al-
luvial gold deposits in the Wierzbiak Valley is the nearby quartz
veins that cut through the Wadroze metamorphic Massif. This
interpretation is strongly supported by the presence of gold-
bearing clasts of vein quartz identified within the weathered
eluvial covers developed on the Wadroze gneiss Massif, as well
as within the surrounding colluvial deposits. Further support co-
mes from the results of comprehensive comparative analyses
of the morphological characteristics of eluvial, colluvial and allu-
vial gold grains, including studies of grain outlines, shapes, sur-
face structures, mineral intergrowths and overgrowths, and the
presence of Ag-depleted rims (Grodzicki, 1972, 1998, and ref-
erences therein; Banas et al., 1985; Mikulski and Wierchowiec,
2013).

However, the results of SEM-EDS analyses of micro-inclu-
sions found in two gold grains from the Wierzbiak River bed
sediments point to a more complex genesis of the gold-bearing
deposits in the Legnickie Pole — Mikotajowice — Wadroze re-
gion. Particularly significant is the notable abundance of ar-
senic, which appears to have been a key component of the
crystallization environment in which the identified micro-inclu-
sions formed. Arsenic is present not only in the Ni-Co-Fe
sulpharsenides but also in native bismuth and pyrite, in concen-
trations reaching several weight percent.

By comparison, the quartz gold-bearing veins of the
Wadroze gneiss Massif show a qualitatively distinct mineralogi-
cal composition (Table 1). Arsenic mineralization in these veins
is represented exclusively by a Cu-As sulphosalt (tennan-
tite-group member?). Additionally, mineral phases indicative of
higher crystallization temperatures, including pneumatolytic
minerals such as cassiterite, titanite, xenotime- and monazite-
group members, are also present (Wotkowicz, 2015). Accord-
ing to Wotkowicz (2015), the occurrence of magnetite, chro-
mite, titanite, xenomorphic pyrite and possibly rutile within the
quartz veins reflects relics of rock transformation associated
with quartz mineralization processes. The high-temperature hy-
drothermal crystallization of allanite, monazite, xenotime and
probably cassiterite is attributed to a postmagmatic origin. By
contrast, the presence of automorphic pyrite, sulphosalts, ga-
lena, sphalerite, chalcopyrite and probably native bismuth is
linked to the activity of low-temperature hydrothermal fluids.

Meanwhile, the micro-inclusions identified within the detrital
gold grains analysed are predominantly represented by
Ni-Co-Fe sulpharsenides, along with individual sulphides such
as pyrite, galena and chalcopyrite, as well as native bismuth.
This mineral assemblage closely resembles an ore mineraliza-
tion found in hydrothermal As-polymetallic veins of the Kacza-
wa Metamorphic Complex. A similar association of micro-inclu-
sions, represented by galena and numerous Co-Fe-Ni
sulpharsenides (with Co-Ni-Fe arsenides?), was previously
identified within a detrital gold grain from the Holocene alluvial
sediments of the Jamna Creek, which flows through the Wien
Trough near the quartz—polymetallic vein system of the Klecza
— Radomice region (Kania, 2018; see Table 1). In these local
hydrothermal deposits, the native gold mineralization was pre-
ceded by a mesothermal mineral association composed of
sulphides, sulpharsenides, and sulphosalts, including pyrite,
chalcopyrite, galena, sphalerite, tetrahedrite and cobaltite, as
well as electrum (Mikulski, 2007).

In its upper course, the Wierzbiak River also drains the
northwestern part of the Strzegom — Sobétka granitoid massif,
where a deep erosive cut locally reaches pegmatite mineraliza-
tion zones. The ore mineral assemblages of pegmatites located
in the western part of the massif, outlined in Table 1, representa

typical pneumatolytic and high-temperature range of hydrother-
mal processes. Notably, these assemblages are devoid of ar-
senic-bearing phases.

The closest hydrothermal occurrence with significant ar-
senic mineralization to the sampling site is constituted by the
polymetallic veins of the Chetmiec Unit of the Kaczawa Meta-
morphic Complex, ~15 km to the WSW. These veins exhibit
considerable variability in mineral composition (Table 1), with
thicknesses ranging from 0.3 to 8 m and lengths from 0.3 to 1
km. While the average gold concentration typically does not ex-
ceed 100 ppb, concentrations in two veins — Debowa near
Mecinka and Olejna near Chetmiec — reach 0.344 and 1.01
ppm, respectively (Mikulski, 2007, 2011). Gold in these veins
occurs exclusively in submicroscopic form, primarily as an ad-
mixture within Ni-Co-Fe sulpharsenides (gersdorffite, cobaltite,
arsenopyrite), with a strong positive correlation to the content of
As, Ni and Co (Mikulski, 2007). Given this, the clastic material
derived from the eroded local quartz veins could not have been
the source of the ore-bearing detrital gold in the Wierzbiak sedi-
ments.

The Sudetic Block, together with the Fore-Sudetic Block, is
tectonostratigraphically homogeneous. However, the surface
exposes different intersection levels, which are related to the
activity of the Sudetic Boundary Fault and the final, relative up-
lift of the Sudetic Block (Zelazniewicz and Aleksandrowski,
2008). The occurrence of As-polymetallic gold-bearing quartz
veins is not necessarily confined to the Chetmiec Unit but may
extend northeastwards into the Fore-Sudetic Block, where be-
yond the Strzegom-Sobdtka Massif, the veins are buried be-
neath a cover of Cenozoic strata. This hypothesis aligns with
the interpretation proposed by Mikulski and Wierchowiec
(2013), who suggested that by the end of the Pleistocene, ero-
sional processes of the local river network reached the base-
ment rocks, additionally eroding older regolith covers and de-
posits from earlier glaciations. In a broader context, the poten-
tial genetic development and relationship between the
polymetallic mineralization of the Chetmiec Unit in the Kaczawa
Metamorphic Complex, the Fore-Sudetic Block in the area of
the Wadroze Wielkie Massif, and the tectonic-magmatic activity
of the Strzegom-Sobotka Massif was discussed in more detail
by Mikulski (2007: 93-96).

There is also the possibility of deposition of gold-enriched
moraines, including material eroded from the Fennoscandian
Shield, in the Wierzbiak drainage basin during the Pleistocene
glacial advances; Koztowski (2011) documented the presence
of Scandinavian detrital gold in Poland. However, due to the
widespread occurrence of gold-enriched polymetallic veins of
Fe-Ni-Co-Bi-As type within the Kaczawa Metamorphic Com-
plex, this option should be considered unlikely.

The results described in this paper do not contradict the pre-
vailing view that the great majority of local detrital gold in these
alluvial sediments originates from the weathering of quartz
veins of the Wadroze Wielkie Unit. In fact, they justify the need
for further, more detailed investigations aimed at determining
the distribution of detrital gold associated with the Fe-Ni-Co-
Bi-As mineralization assemblage in local Cenozoic deposits.
These studies should initially focus on systematic sampling of
the riverbed sediments of the Wierzbiak River and its tributary,
the Modzel River. Interpretations of grain transport directions
should consider not only the present-day terrain morphology,
but also the local palaeotopography and the occurrence of older
Cenozoic deposits, particularly those of Pleistocene age. The
preliminary research described in this article, together with the
proposed framework for more detailed studies, provide a ratio-
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Comparison of the qualitative composition of ore mineralséexcludin
Wadroze Massif and the

aczawa

Table 1

native gold) described from hydrothermal veins of the
etamorphic Complex

Ore minerals from quartz
veins of the Wadroze
metamorphic Massif
(Wotkowicz, 2015)

Ore minerals from
polymetallic veins of the
Chetmiec Unit (Kaczawa
Metamorphic Complex)

(Paulo, 1970; Mikulski, 2007)

Ore minerals from
pegmatites of the W part
of the Strzegom —
Sobotka Massif
(Janeczek, 1985;
Ciesielczuk et al., 2008)

Ore mineral micro-
inclusions within gold
grain from river bed
sediments of the Jamna
Creek (Wlen Graben)
(Kania, 2018)

allanite-group

+

arsenopyrite

?

azurite

native Bi

bismuthinite

bornite

bournonite

carrolite

++ |+ |+ [+ +]|+

cassiterite

cerussite

chalcocite

+

chalcopyrite

+

chromite

cosalite

covellite

cryptomelane

enargite

+ |+ |+ |+

fergusonite-(Y) /
formanite-(Y) /
tantalaeschynite-(Y)

galena

gersdorffite /
nickeline

+

goethite

hematite

malachite

magnetite

+ |+ |+ |+

molybdenite

monazite-group

pyrrhotite

pyrite / marcasite

+ |+ |+ |+ ]+

retgersite

rutile

siderite

scheelite

skutterudite

sphalerite

Cu-As sulphosalt

Cu-Sb sulphosalt

tetrahedrite-group

titanite

uraninite

valleriite

wolframite

wulfenite

xenotime-group

+ |+ |+ |+ |+

+ — presence confirmed, ? — probable presence, ore minerals with a composition similar to the composition of micro-inclusions identified in
gold grains W-6 and W-9 are marked in bold
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nale for improved geophysical exploration of the basement of
the Kaczawa Metamorphic Complex in the study area. Such in-
vestigations have already been carried out by the Polish Geo-
logical Institute using the Very Low Frequency (VLF) electro-
magnetic method in the Klecza—Radomice region (Mikulski and
Ostrowski, 2023), and they align with a broader intent to explore
for and identify Au-polymetallic ore deposits within the
Fore-Sudetic Block (Szamatek et al., 2020).

CONCLUSIONS

1. The population studied of detrital gold from contemporary
Wierzbiak riverbed sediments exhibits low variability in grain
shape and a high degree of edge rounding, as indicated by low
Kindex values. This likely reflects a slow rate of grain migration.
Similarly, the grains show a relatively homogeneous Au-Ag al-
loy composition, classified within the native gold phase (sensu
Yushko-Zakharova et al., 1986) with silver content reaching up
to 20 wt.% Ag. However, the differences in the average Ag
weight contents between individual grains reach several per-
centage points. These features distinguish the grains analysed
from those collected from sediments of the Wlen and Kaczaw-
skie Foothills areas, where local gold grain populations are
characterized by greater morphological and chemical diversity,
including grains composed of native gold, metastable and
electrum phases (see Kania, 2018, 2023; Kania and Muszer,
2024).

2. Despite the paucity of grains obtained for analysis, detrital
gold was found in the alluvial sediments of Wierzbiak up to the
mouth of the Modzel River tributary. These results should be
considered preliminary, justifying further exploration for
Au-polymetallic mineralization in the Wierzbiak River basin
area, and in particular along the Modzel tributary.

3. The microinclusions observed in the gold grains analysed
represent a typical Fe-Ni-Co-Bi-As hydrothermal mineralization
assemblage, dominated by Ni-Co-Fe sulpharsenides and
As-bearing sulphides, including pyrite, chalcopyrite, galena and
native bismuth. This paragenesis of the micro-inclusions does
not correspond to the mineralogical assemblages identified in
the quartz veins of the Wadroze Wielkie Massif, nor to the peg-
matite-hydrothermal mineralization of the Strzegom-Sobdtka
Massif. Instead, it is consistent with the ore mineralization char-

acteristic of the polymetallic quartz veins in the Chetmiec Unit,
part of the Kaczawa Metamorphic Complex. However, the pres-
ence of gold in these veins was confirmed exclusively in submi-
croscopic form, as a trace admixture in sulpharsenides.

4. The results of this study support a hypothesis of complex
genesis for the local gold-bearing placer deposits. While most
gold grains occurring in the Wierzbiak River sediments likely
originate from the weathered quartz veins intersecting the
Wadroze Wielkie Massif, the micro-inclusions identified sug-
gest the possible contribution of gold sourced from the other pri-
mary gold-bearing deposits within the Kaczawa Metamorphic
Complex: eroded over time, their gold-bearing material may
have been subsequently included in the Cenozoic deposits of
the Fore-Sudetic Block.

5. Previous studies of micro-inclusions in detrital gold from
the Cenozoic deposits of Lower Silesia indicate a dual origin for
the gold-bearing material. Gold grains in the local placer depos-
its were sourced from the weathering of two types of primary
deposit: (1) the Carboniferous quartz-polymetallic veins of the
Kaczawa Metamorphic Complex and the Wadroze Wielkie
Massif, and (2) the Permian ore-bearing deposits of red
beds-type, filling the North Sudetic Depression. The gold-bear-
ing deposits of the Kaczawa-lzera Foothills formed as a result
of weathering and accumulation of rock material from both de-
posit types (Kania, 2018, 2023; Kania and Muszer, 2024), while
the Wadroze region’s placer deposits originate from the first
type. Furthermore, the potential incorporation of the detrital
gold from weathering pegmatite formations, Pleistocene glacial
deposits and Au-bearing rocks of the Fennoscandian Shield
into the Lower Silesian Cenozoic placer deposits remains a
subject for further exploration (see Jeczmyk and Krzeminska,
1996; Grodzicki, 2011; Koztowski, 2011; Kania, 2023).
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APPENDIX 1

Characteristic EDS spectra and elemental compositions of the micro-inclusions and the Ag contents in
gold grains from the Wierzbiak channel-fill deposits

For the EDS analyses, the polished sections containing gold grains were coated with graphite. Each analytical session was pre-
ceded by calibration (Energy-Channel Calibration / Energy-Axis Calibration), in accordance with the recommendations of Bruker,
the manufacturer of the EDS detectors and analytical software. Calibration was performed using a copper standard, due to signifi-
cant differences in critical ionization energies between the K, L and M lines, which ensures more precise comparison between ana-
lysed and theoretical spectra.

The analyses were applied in high vacuum conditions, with the electron beam acceleration voltage of 25 keV and beam current
of 15 nA. The characteristic X-ray spectra obtained were processed using Bruker Esprit v1.9 software. Point analyses were pre-
ceded by surface elemental mapping of the following elements: Ag, As, Au, Bi, Cd, Co, Cr, Cu, Fe, Hg, Ir, Mn, Mo, Ni, Os, Pb, Pd,
Pt, Rh, Ru, S, Sb, Se, Si, Sn, Te, Ti, V, W, Zn. This procedure minimized the risk of the overlooking finer microinclusions (< 1 umin
diameter), which can be missed during observations in reflected light. The gold grains selected, with a complex Au-Ag phase com-
position of Au-Ag, were also examined by linear analyses.

A total of 60 spot analyses, 9 line analyses, and 280 surface analyses were performed on the research material. Acquisition
times of the EDS analyses were set to 60 s (point analyses), 90 s (linear analyses) and 120 s (elemental mapping). The extended
acquisition times allowed generating spectra based on over a million counts for a single spectrum, enhancing the credibility of re-
sults of the semi-quantitative analyses. Quantification of the data was carried out using the PB-ZAF correction procedure, including
Carbon Correction to account the graphite coating.

Each spectrum obtained was interpreted manually with particular attention paid to artefactual peaks (especially summary ones),
which frequently formed in the 4.5-5.0 keV range as an effect of the strong Au Ma peak creation. Bremsstrahlung background
shapes were also fitted manually. During interpretation, a built-in deconvolution tool was used to compare theoretical spectra as a
composition of a selected set of elements with the actual characteristic spectra. This approach enabled accurate identification of
overlaps of the elements and evaluation of elemental composition of the sample by eliminating false positives or incorporating pre-
viously undetected elements. A detection threshold of 0.1 wt .% was adopted for each element. Characteristic EDS spectra and ele-
mental compositions of the Au-Ag alloys and microinclusions identified in gold grains collected from the Wierzbiak River channel-fill
deposits are shown below:

cps/eV.

Element series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
] Sulfur K-series  16.42 21.84 37.86 0.62
500 Iron  K-series 4.84 6.43 6.40 0.15
Cobalt K-series 5.43 7.22 6.81 0.16
Nickel K-series 14.52 19.31 18.30 0.39
Copper K-series 2.47 3.29 2.88 0.09
4004 Arsenic K-series 25.86 34.40 25.53 0.68
] Silver L-series 0.32 0.42 0.22 0.04
Antimony  L-series 0.17 0.22 0.10 0.03
Gold L-series 2.90 3.86 1.09 0.10
o0 Lead L-series 2.26 3.00 0.81 0.08
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Fig. . X-ray spectrum and point analysis results W-6.1 — Ni-Co-Fe sulpharsenide within the W-6 gold grain
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Fig. Il. X-ray spectrum and point analysis results W-6.11 — Cu sulphide with an elemental composition similar to chalcopyrite
within the W-6 gold grain
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Fig. lll. X-ray spectrum and point analysis results W-6.1ll — Ni-Fe-Co sulpharsenide within the W-6 gold grain
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Element series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
Sulfur K-series  21.08 25.52 41.79 0.79
Iron K-series 11.60 14.05 13.21 0.32
Cobalt K-series 2.58 312 2.78 0.09
Nickel K-series 13.17 15.95 14.27 0.36
Copper K-series 9.20 11.14 9.21 0.26
Arsenic K-series  20.11 24.34 17.06 0.54
Silver L-series 0.31 0.38 0.18 0.04
Antimony  L-series 0.12 0.14 0.06 0.03
Gold  L-series 4.43 5.36 1.43 0.14

Sum:  8§2.60 100.00 100.00
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Fig. IV. X-ray spectrum and point analysis results W-6.IV — Fe-Ni-Co sulpharsenide within the W-6 gold grain
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Element series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
Sulfur  K-series 24.27 29.27 4599 0.91
Iron K-series 16.99 20.48 18.48 0.46
Cobalt K-series 2.38 2.87 2.45 0.09
Nickel K-series  6.87 8.28 7.11 0.20
Copper K-series 15.58 18.79 14.90 0.42
Arsenic  K-series 11.52 13.88 9.34 0.32
Silver L-series 0.29 0.35 0.16 0.03
Antimony L-series  0.09 0.11 0.04 0.03
Gold L-series 4.95 5.97 1.53 0.1 5\
Sum: 82.94 100.00 100.00 |
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cps/eV
Element series [wt.%] [norm. wt.%] [norm. at.%] Errarin wt.% (1 Sigma)
= Sulfur K-series 12.33 15.23 36.99 0.47
1 Iron K-series 5.07 6.27 8.74 0.15
400 Cobalt K-series 2.13 2.63 3.47 0.08
] Nickel K-series 7.80 9.64 12.78 0.22
0 Copper K-series  3.33 4.11 5.04 0.11
. Arsenic K-series  11.67 14.42 14.99 0.32
1 Gold L-series 2.26 2.79 1.10 0.08
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Fig. V. X-ray spectrum and point analysis results W-6.V — Pb sulphide with an elemental composition similar to galena within
the W-6 gold grain
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R Element  series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
Sulfur K-series 12.95 17.10 39.51 0.50
] lron K-series 13.98 18.46 24.49 0.38
400 Cobalt K-series 0.11 0.14 0.18 0.03
Nickel K-series 0.17 0.23 0.29 0.03
Arsenic K-series 12.14 16.02 15.85 0.33
Silver L-series 3.92 518 3.56 0.15
Gold L-series 32.47 42.88 16.13 0.85

Sum: 75.73 100.00 100.00
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Fig. VI. X-ray spectrum and point analysis results W-6.VI — Fe sulpharsenide with an elemental composition similar to
arsenopyrite within the W-6 gold grain

cps/eV.

] Element series  [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
] Sulfur K-series 16.42 20.42 48.69 0.62
e Iron K-series 13.44 16.72 22.89 0.37

] Nickel K-series 0.96 1.20 1.56 0.05
350 Arsenic K-series 1.33 1.65 1.69 0.06

] Silver L-series 4.69 5.84 4.14 0.17
300 Gold L-series 43.54 54.16 21.03 1.14
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Fig. VII. X-ray spectrum and point analysis results W-6.VIl — Fe sulphide with an elemental composition similar to pyrite within
the W-6 gold grain
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Element series  [wt.%] [norm. wt.%] [nom. at.%] Error in wt.% (1 Sigma)
el Sulfur K-series 15.86 21.30 39.01 0.60
Iron K-series 21.95 29.49 31.00 0.59
Cobalt K-series 0.18 0.25 0.25 0.03
ey Nickel K-series 0.28 0.38 0.38 0.03
Arsenic K-series 22.04 29.61 23.20 0.59
| Silver L-series 1.42 1.90 1.04 0.07
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Fig. VIII. X-ray spectrum and point analysis results W-6.VIIl — Fe sulpharsenide with an elemental composition similar to
arsenopyrite within the W-6 gold grain

cps/eV
0 Element series [wt.%] [norm. wt.%] [norm. at.%] Errorin wt.% (1 Sigma)
Sulfur K-series 15.63 19.88 35.79 0.59
] Iron K-series 24.70 31.42 32.48 0.66
= Nickel K-series  0.80 1.02 1.01 0.05
Arsenic K-series 26.84 34.14 26.30 0.71
1 Silver L-series 1.39 1.77 0.95 0.07
b Antimony L-series  0.13 0.17 0.08 0.03
Gold L-series 9.12 11.60 3.40 0.26
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Fig. IX. X-ray spectrum and point analysis results W-6.IX — Fe sulpharsenide with an elemental composition similar to

arsenopyrite within the W-6 gold grain
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Element series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
] Sulfur K-series  16.38 20.25 46.65 0.62
=00:] Iron K-series 15.06 18.61 24.62 0.41
1 Nickel K-series 0.24 0.29 0.37 0.03
0ol Arsenic  K-series 5.01 6.19 6.10 0.15
Silver L-series 4.60 5.68 3.89 0.17
1 Gold L-series 39.61 48.97 18.36 1.04
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Fig. X. X-ray spectrum and point analysis results W-6.X — Fe sulphide with the elemental composition similar to pyrite within the

W-6 gold grain
600 cps/eV
] Element series [wt.%] [norm. wt.%] [norm. at.%] Errorin wt.% (1 Sigma)
Sulfur K-series 9.12 11.44 31.68 0.36
500-] Iron K-series 1.68 2.1 3.36 0.07
] Cobalt K-series  3.16 3.97 5.98 0.1
] Nickel K-series  5.46 6.84 10.36 0.16
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Fig. XI. X-ray spectrum and point analysis results W-6.XI — Ni-Co-Fe sulpharsenide within the W-6 gold grain
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Element series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
5004 Sulfur  K-series  7.57 9.46 30.03 0.30
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200 Nickel K-series 4.70 5.88 10.20 0.14
Arsenic K-series  8.22 10.28 13.96 0.23
Silver L-series  6.54 8.19 7.72 0.23
Gold L-series 50.42 63.06 32.58 1.31
Sum: 79.95 100.00 100.00
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Fig. XIl. X-ray spectrum and point analysis results W-6.XIlI — Ni-Co-Fe sulpharsenide within the W-6 gold grain

cps/eV

] Element series [wt.%] [norm. wt.%] [norm. at.%] Error in wt.% (1 Sigma)
400 Arsenic K-series 0.37 0.43 1.19 0.03

] Tellurium L-series 0.65 0.77 1.24 0.04
350 Gold L-series 3.74 4.43 4.63 0.12

] Bismuth L-series 79.65 94.36 92.93 210
3004 Sum: 84.41 100.00 100.00
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Fig. XIlIl. X-ray spectrum and point analysis results W-9.l — native bismuth within the W-9 gold grain



Table |

Results of semi-quantitative analyses (wt.%) in
polished sections of gold grain alloys

Grain Point analysis | Ag (% wag.)
W-1.1 0.26
W-1.2 11.34
W-1.3 11.29
W-1.4 0.00
W-1
W-1.5 10.42
W-1.6 0.32
W-1.7 10.78
W-1.8 11.21
W-2.1 2.95
W-2 W-2.2 0.00
W-2.3 1.62
W-3.1 15.64
W-3
W-3.2 1.9
W-4.1 7.83
W-4 W-4.2 0.00
W-4.3 0.00
W-5.1 0.00
W-5.2 10.83
W-5
W-5.3 9.28
W-5.4 9.48
W-6.1 16.18
W-6
W-6.2 14.52
W-7.1 19.98
W-7 W-7.2 9.32
W-7.3 12.27
W-8.1 14.29
W-8 W-8.2 14.14
W-8.3 15.27
W-9.1 24
W-9
W-9.2 2.76






